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Abstract 
Multiplication is one of the Mathematical concepts which is difficult to be learnt by most of year two primary school pupils, 
especially for low achievers. The purpose of this study was to diagnose year two pupils' misunderstanding of multiplication 
concepts at selected schools in Sabah. This survey study involved a sample of 202 year two pupils from two primary schools in 
Kota Kinabalu, Sabah. The schools were selected based on its large number of pupils representing year two student population in 
the state of Sabah. Data collected via the administration of Diagnostic Mathematics Test (Multiplication) was then analyzed 
qualitatively. Results obtained show that these pupils generally comprehend only certain multiplication concepts, at the surface 
level of understanding and comprehension. Most of them were not able to resolve questions in the form of conceptual 
understanding and problems solving. 
© 2010 Elsevier Ltd. 
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1. Introduction 
According to Hiebert and Carpenter (1992), mathematics understanding is defined in terms of the way information is 
represented and structured, ‘a mathematical idea or procedure or fact is understood’. It is also part of an internal 
network and the degree of understanding is determined by the number and the strength of the connection. When a 
student learns a piece of mathematical knowledge without connecting it with items in his or her existing networks of 
internal knowledge, he or she is said to be learning without understanding.  Understanding can be divided into two 
types: procedural understanding and conceptual understanding (Hiebert & Lindquist, 1990). Procedural 
understanding involves learning processes or algorithms by rote (learning a rule) whereas conceptual understanding 
involves understanding the concepts and meanings underlying the operations as opposed to merely applying rules 
(Burris, 2005).  
 
Learning mathematics with both procedural and conceptual understanding is important to ensure the appropriate 
development of individual mathematical knowledge. It is essential to equip learners not only with the skills 
necessary for achieving higher education and career aspirations, but also in attaining personal fulfillment. As an 
essential recognized discipline, mathematics has been introduced as a core subject to be learnt at the elementary 
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level of schooling throughout the world.  In the Malaysian education system, the Mathematics Curriculum at the 
primary level emphasizes the acquisition of basic concepts and skills. Its content is categorized into four interrelated 
areas, namely, Numbers, Measurement, Shape and Space and Statistics (Ministry of Education, 2003). Emphasis on 
problem solving, communication, reasoning, making connection and the application of technology is required in the 
teaching and learning of Mathematics (Ministry of Education, 2003).  These standards suggest that learners be 
provided with learning activities that blend with their interests and prior experiences to build a strong foundation of 
mathematical concepts through active learning using concrete materials.  
 
Multiplication (symbol "×") is one of the mathematical concepts covered in the area of Numbers taught to primary 
school pupils. It is one of the four basic operations in elementary arithmetic besides addition, subtraction and 
division. The concept of multiplication is first introduced to year two pupils after addition and subtraction. The 
objective at this level is for pupils to understand multiplication as repeated addition and to solve the simple related 
real life problems (Ministry of Education, 2003).  
 
Understanding multiplication is said to be significantly more difficult than addition and subtraction as it involves 
binary operation with two distinctive inputs (Anghileri, 2000). It often confuses children, especially those at the 
beginning stages of learning this concept. Many children do not know what multiplication is (O’Brien & Casey, 
1983). According to Clark and Kamii (1996), problems of learning multiplication at the earlier stage including (i) 
pupils add instead of multiplying, (ii) when pupils do not know a product, many cannot figure it out from the ones 
they know, for example if given 42, knowing 6 x 6 = 36 does not help them to figure out that it is a product of 7 x 6 
and (iii) pupils who have difficulty with computation always have problems with the meaning of multiplication and 
show unclear understanding of this concept. Apart from that, the learning of multiplication is also found to be unable 
to develop pupils’ skills of commutativity and distributivity as expected. Earlier research suggested that only a 
minority of upper primary children could use commutative properties, and ‘few’ 8 to 9 year olds could draw on 
distributive properties, in order to solve problems involving multiplicative situations (Dickson, Brown & Gibson, 
1984). Seah (2004) found that many pupils demonstrated very limited understanding of the multiplication concepts, 
with their knowledge restricted to procedural rather than conceptual understanding. Although pupils seem to possess 
the knowledge of multiplication from the time it is introduced, studies have shown that many have trouble 
understanding it meaningfully throughout elementary school (Clark & Kamii, 1996).  This progress has adverse 
effects towards their future education in mathematical (Maa, 1999; Seah, 2004). Consequently, a lack of 
multiplicative reasoning, which requires a clear conceptual understanding and full knowledge of mathematical 
processes and the relationships among them, appears to be a major cause of difficulty with higher mathematics 
(Siemon, 2004).   
  
In teaching the multiplication concept, teachers tend to emphasize on procedural knowledge rather than conceptual 
understanding (Vohra, 2007; Sudarshan & Aye, 2008). Focusing on the operation of multiplying two bare numbers 
or memorizing facts without developing an understanding of multiplicative situations, most teaching methods have 
narrowed pupils' focus and give the wrong impression about the concept of multiplication (Smith & Smith, 2006). 
For many teachers, the teaching of the multiplication concept is primarily concerned with memorizing the 
multiplication table, which could then be applied to solve examination problems (Vohra, 2007). Due to this fact, 
heavy emphasis has been placed on practicing pupils’ skill of memorizing rather than concentrating on their 
meaningful understanding of the concept (Vohra, 2007).  Moreover, the transmission culture is still very much in 
retreat amongst teachers (Andrew & Pettitt, 1994).  Such practices have stifled pupils’ mathematical learning (Maa, 
1999).  Thus, it is not surprising that many pupils are unable to develop their mathematics education further nor are 
they able to use the mathematical knowledge they learned to solve everyday problems, as their learning has been 
focused on procedural rather than conceptual understanding. 
 
According to Bruner (1966), for children to learn (mathematics) effectively, the instruction should address four 
major aspects: (i) predisposition towards learning, (ii) the ways in which a body of knowledge can be structured so 
that it can be most readily grasped by the learner, (iii) the most effective sequences in which to present material, and 
(iv) the nature and pacing of rewards and punishments (Bruner, 1966). Research findings derived from a 
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longitudinal study of experienced teachers done by Knapp et al. (1995), identified that the features of meaning-
oriented instruction are: 
 
• broadening the range of mathematical content studied to give children a sense of the breadth of 
mathematics and its applications; 
• emphasizing connections between mathematical ideas; 
• exploring the mathematics that is embedded in rich, “real life” situations; 
• encouraging students to find multiple solutions and focusing students’ attention on links between the 
solution processes used; and  
• creating multiple representations of ideas (e.g., drawings and physical objects). 
   
Hence, Mousley (2004) found that, in general, teachers agree that children develop mathematical understanding via 
three main processes, namely (a) the use of physical representation of concepts; (b) actions aimed at building 
conceptual links; and (c) the use of language based activity. The use of physical representation refers to the use of 
what teachers call “concrete materials” or “teaching aids”.  Building the conceptual links involves activities such as 
making connection between new information and existing understandings, articulating and demonstrating 
relationships between different mathematical ideas and representations and emphasizing links between the 
mathematical aspects with children everyday contexts. While the use of language based activity are (a) explanations 
given by teachers or requested of the pupils; (b) encouragement of children’s verbalization of solutions and 
mathematical discussions during co-operative working in small groups; (c) questioning; and (d) the use of open-
ended verbal problems.  
  
As children develop their own mathematical understanding via language, symbols, concrete experience and pictures 
(Haylock & Cockburn, 2008), as well as the way teachers organize activities in classes, most of the time the 
practices of instruction  are often  decisive to children’s concept construction. For many teachers, the teaching of 
multiplication concept was primarily concerned with memorizing multiplication table, which could then be applied 
to solve examination problems (Vohra, 2007). In addition, most of the time, the practices of teaching multiplication 
are often dominated by rote procedures (Sharifah Maimunah, 2003). 
 
In view of these circumstances, it is fundamental to diagnose pupils’ understanding of multiplication concepts in 
order to identify their primary style of learning mathematics, as well as appropriate practices. Since many pupils are 
found to have a limited understanding of multiplication concept in studying higher mathematics (Siemon, 2004), 
being aware of their learning difficulties at the earlier stage of learning this concept and the sources of the 
difficulties, are important steps in improving the current teaching and learning practices. 
 
The objective of this study was to diagnose year two pupils' misunderstanding of multiplication concepts at selected 
schools in Sabah.  
 
The targeted concepts are:  
 
(i) Multiplication as repeated addition 
(ii) Multiplication as representation array 
(iii) Standard operation of multiplication    Æ  Procedural understanding 
(iv) Solving multiplication real life / word problem  Æ Combination of conceptual and               
                                                                          procedural understanding 
   
2. Methodology 
 
This study was conducted in May 2009 and involved a sample of 202 year two pupils from two primary schools in 
Kota Kinabalu, Sabah.  The schools were selected based on its large number of pupils representing year two pupil 
population in the state of Sabah. The selection of the time frames was governed by the schools’ schedules. The 
required data was collected through the administration of Diagnostic Mathematics Test of Multiplication. The 
Conceptual understanding  
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instrument used comprised of 32 subjective items covering four basic concepts of multiplication, namely (i) 
multiplication as repeated addition (8 items), (ii) multiplication as representation array (8 items), (iii) standard 
operation of multiplication (8 items) and (iv) solving multiplication real life / word problem (8 items). Subjects 
involved were required to complete the test on their own within one hour. Data obtained was then analyzed 
qualitatively. The responses were coded as correct, incorrect, or non-attempt as well as the level of abstractness of 
solution strategies in order to determine the pattern of the respondents understanding of multiplication concepts.  
 
3. Findings  
3.1  General performance on Diagnostic Mathematics Test of Multiplication 
The results showed that mathematical ability had a significant effect on Diagnostic Mathematics Test of 
Multiplication’s scores. Higher scores were found to be associated with higher mathematical ability. In terms of 
concept understanding, the able pupils' understanding were found higher than those of the average and weak pupils, 
i.e. concept understanding is clearly related to mathematical ability levels. Pupils with higher mathematical ability 
were those who manage to deal with the most of the conceptual questions presented. This finding leads to the 
conclusion that concept understanding does help and is a guarantee for achievement in mathematics. The results 
from this study lend some support to Butterworth’s (in Campbell, 2005) conclusion that mathematically able pupils 
are generally high scorers. 
 
The study also indicated that the multiplication concept is not an easily acquired skill for most pupils. Even after 
instruction, many year two pupils had difficulties in developing an understanding of the concept. The concept of 
multiplication array was found accessible to most of these year two pupils. However, the concept of multiplication 
as repeated addition was found difficult by most of them. Although a majority of the sample was unable to grasp the 
concept of multiplication as repeated addition, it has been found that some of them have shown good performance 
on the items concerning standard operation of multiplication. Nevertheless, they generally have trouble in solving 
multiplication in real life/world problem.  
3.2  Multiplication as repeated addition 
Items involving the concept of multiplication as repeated addition were found to be the hardest by most of year two 
pupils. Following is an example of the question presented. 
 
     
              +              +             +              +              =  
              x              =  
   
Results obtained showed that more than 80% pupils were unable to answer all eight questions given in the test. The 
distribution of responses for these items indicated that many pupils were guessing. They display no evidence of 
being exposed to this concept while learning multiplication. Although the tested representations were clearly 
indicated the concept of multiplication as repeated addition, these pupils still cannot write mathematical sentences 
for such representations. In addition, they are found to be left behind in dealing with the idea of repeated addition, 
specifically in the form of representation.  
3.3  Multiplication as representation array 
Contrary to the previous concept, items involving the concept of multiplication as representation array were found to 
be the easiest by most of year two pupils. The item of this concept is as follows. 
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                                     x              =  
 
Data analysis showed 72% of these pupils were concluded as having the ability of solving this kind of problem 
when they got more that 55% answers correct for this section in the test. It was actually a surprise when a majority 
of the respondents were found to be able to answer most of the questions presented, even though this concept is not 
clearly discussed in textbooks or recommended by year two mathematical curriculum specifications. Many of them 
were able to answer correctly even though they could not resolve the other questions. This may be due to the fact 
that the features of the concept of multiplication as representation array itself are easier to be visualized and 
understood. 
3.4  Standard operation of multiplication  
 
Standard operation of multiplication involved the questions as: 
 
 (i) 4 x 2 =                                             (ii)  
 
 
About 50% of the respondents manage to answer correctly more than four out of eight questions tested. This shows 
that a portion of the sample were possessing the procedural knowledge of multiplication concept, as expected. 
However, further analysis indicated that pupils’ skills of solving these problems are not dependent on their 
understanding of the basic concept of multiplication. It was found that a number of pupils were able to answer 
correctly all the eight questions presented even though they did not have the idea of multiplication as repeated 
addition, which serve as the basis idea of learning multiplication.  This finding leads to the conclusion that in 
general, these pupils only learn multiplication through the memorization techniques.  
3.5  Multiplication real life / word problems 
 
A large portion of pupils were also found not to have the skills of solving the real life/world problems of 
multiplication. An example of the question tested is, ‘Muhammad sells 4 baskets of fish in a day. How many baskets 
of fish does he sell in 3 days?’ From the total of 202 pupils involved in this study, only 8% of the children got the 
answers correct for all four questions presented. They had great difficulty in applying the multiplication law to new 
situations. The responses for the related items indicated that most of them not only do not have an idea to solve the 
given problems but also have a lot of trouble in writing the appropriate symbols for the circumstances. The analysis 
showed that although some of them were able to answer all the eight questions of standard operation of 
multiplication correctly, but this ability did not guarantee their ability to solve real life/world problems. This may be 
due to the fact that pupils only learn multiplication through memorization techniques, without understanding the 




Taking an overview of this research finding, it was found that the representation array did indeed help pupils to 
understand the concept of multiplication. Using representation arrays to teach multiplication have been found to 
provide learners, especially lower achievers, with an easy to grasp helper. These findings are, in agreement with 
those studies of Sfard (1991), Harries & Barmby (2007) and Barmby et al. (2008) whereby it confirms that the array 
is a useful representation for children to use for understanding multiplication concept. Expressions of multiplication 
as repeated addition especially in terms of representation were ambiguous to the pupils, indicating that clear 
communication may be quite uncommon.  It seems that either this concept was not properly delivered or probably 
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importance of representations in developing mathematical competence. Furthermore, even though it is debated that 
telling young pupils the fact of multiplication as repeated addition will only increase their confusion in 
understanding the concept, teachers have been advised to carefully manipulate this idea for the purpose of 
facilitating pupils learning process. 
  
Items testing pupils’ understanding of standard operation of multiplication were found to be easy for some 
respondent. Unfortunately, majority of pupils from this group were not capable of dealing with other questions. The 
results suggest that besides applying the learnt procedural knowledge, these pupils were using their memorization 
skills to answer correctly the related questions. This finding is consistent with Biggs (1988), Tinkham (1989) and 
Cavallo and Schafer (1994), confirms that rote learning approach is often a choice among pupils.  
 
Solving multiplication real life/world problems was hard for these pupils. Not many pupils possessed the skill to 
delineate the given problems in terms of multiplication symbols. This is due to the fact that these pupils are found to 
have a procedural knowledge of multiplication rather than conceptual knowledge / understanding. These findings 
imply that the construction of conceptual understanding was not a concern in year two multiplication formal lesson. 
This supports Seah’s (2004) conclusion that many pupils demonstrated very limited understanding of the 
multiplication concepts, with their knowledge restricted to procedural rather than conceptual understanding. It is 
reasonable therefore to conclude that the concept involving the multiplication law is not fully developed in the 
pupils. 
 
Overall, it can be said that mathematics (multiplication) instruction in these schools is still conducted in what we can 
call the “traditional method”.  Concurring with Vohra (2007) and Sharifah Maimunah’s (2003) conclusion, the 
teaching of multiplication concept is found still primarily concerned with memorizing multiplication table and rote 
learning strategies. It seems that the theory of instruction which suggests for pupils effective learning strategies such 
as the use of representation  (teaching aid) for pupils’ concrete learning experience, making connection with the real 
life experiences and well organized learning activities (Bruner, 1966; Knapp et al., 1995; Mousley, 2004) have been 
ignored in most of the mathematics classes. This practice has an adverse effect on the development of pupils’ 
mathematical skills and as a result, pupils are unable to grasp what they should be and are left behind.   
 
The findings of this study had several implications for educational practice, that: 
 
(a) Representation array is an effective alternative way to introduce pupils, especially lower achievers, to 
understand the concept of multiplication. 
(b) Teaching multiplication should emphasis on conceptual understanding of multiplication as procedural 
understanding and memorization techniques were not really helpful. 
(c) Mathematic instruction should focus on pupils’ development of problem solving skills as well as other 




This study has provided evidence to suggest that pupils' understanding of multiplication is far from satisfactory. It is 
concluded that: 
 
(i) Concept understanding is important for mathematics achievement.    
(ii) The concept of multiplication as repeated addition is ambiguous among pupils. 
(iii) The representation array did help pupils to easily understand the concept of multiplication 
(iv) Some pupils are found capable of dealing with standard operation of multiplication because they memorize 
the multiplication tables and facts. 
(v) Most of year two pupils have a lot of trouble in solving multiplication real life/world problems. 
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